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The  xlclty  to  freshwater  aquatic  organisms  of  three  compounds  formed 
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dinitroanll inc  (DINA),  and  1 ,3,5-trlnl trobenzene  (TNB).  Four  species  of  fish 
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invertebrate  ( Daphnia  magna) ,  end  one  alga  ( Selenastrum  caprlcornutum)  were _ 


><*•  1JT» 
I  JAM  71  WJ 


IMTIOH  OF  •  MOV  SS  IS  OSSCUYC 


_ UNCLASaiFIF-n  __ 

SECURITY  Cl  AUlFlCATlOM  OF  THIS  TAttC  (IRmw  Doit  knitted) 


UNCLASSIFIED - 

SKCUWITV  CLASSIFICATION  OF  THIS  PAOKfWSn  Ml 

19.  Key  Words  -  Continued 

Selenastrua  caprlcornutun 
1,3-Dinitrobenzene 

1 .3.5- Trinitrobenzene 

3 . 5- Dinitroaniline 


I  20.  Abstract  -  Continued 

{'/'tested.  Emphasis  was  on  determining  the  threshold  levels  of  toxicity  to  the 
species  found  to  be  most  sensitive  to  the  test  materials.^—- - — ^ 

The  96-hour  DNB  LC50's  for  fish  ranged  from  1.4  to  16.8  mg/L.  Daphnla 
magna  was  less  sensitive  than  any  of  the  fish,  with  a  48-hour  EC50  (based  on 
immobilization)  of  27.4  mg/L.  For  rainbow  trout  (96-hour  LC50  1.7  mg/L), 
chronic  toxicity  was  estimated  using  a  69-day  early  life  stage  test.  The 
range  lrom  the  highest  no-effect  concentration  to  the  lowest  concentration 
causing  toxicant-related  effects  was  0.50  to  0.97  mg/L.  Juvenile  trout  tested 
in  a  30-day  exposure  were  even  more  sensitive,  with  a  no  effect-effect  range 
for  mortality  of  0.16  to  0.42  mg/L.  Selenastrum  caprlcornutun  was  also 
relatively  susceptible  to  DNB,  with  toxic  effects  on  growth  occurring  at  0.97 
mg/L  (but  not  at  0.26  mg/L)  in  a  5-day  static  exposure  test. 

The  static  acute  LC50's  of  DINA  for  fish  and  J).  magna  ranged  from  3.0  to 
21.1  mg/L.  The  rainbow  trout  was  most  sensitive,  and  a  71-day  early  life 
stage  test  was  conducted  with  this  species.  Toxicant-related  effects  were 
found  at  concentrations  of  0.65  mg/L  and  above,  but  were  not  observed  at 
0.37  mg/L  or  less.  Selenastrum  capricornutum  was  the  most  sensitive  of  all 
species  tested.  Growth  was  inhibited  at  0.13  mg/L  (but  not  at  0.03  mg/L) 
during  a  5-day  static  test. 

TNB  wr.s  quite  toxic  to  fish;  all  LC50's  were  less  than  1  mg/L  (range  0.38 
to  0.85  mg/L).  The  48-hour  EC50  for  J).  magna  was  higher  (4.1  mg/L).  A  21-day 
chronic  test  with  this  species  revealed  TNB  toxicity  at  concentrations  of  0.75 
mg/L  and  above  but  not  0.47  mg/L  or  below.  Early  life  stage  tests  were 
conducted  with  both  fathead  minnows  (32  days)  and  rainbow  trout  (71  days). 
Toxic  thresholds  for  these  species  were  similar;  no  effects  were  observed  at  a 
concentration  of  0.08  mg/L  in  both  tests,  but  toxicity  was  evident  at  the  next 
higher  concentration— 0.17  mg/L  for  rainbow  trout  and  0.12  mg/L  for  fathead 
minnows.  A  toxic  threshold  was  not  found  for  _S.  capricornutum,  since  growth 
reductions  were  observed  at  the  lowest  concentration  tested  (0.10  mg/L). 
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INTRODUCTION 


The  US  Amy  Medical  Research  and  Development  Command  has  responsibility 
for  assessing  the  possible  health  and  envlronaental  hazards  associated  with 
materials  released  during  the  production  of  munltlons-related  materials  at 
Army  ammunition  plants.  One  such  material  la  the  explosive  2,4,6- 
trinitrotoluene  (TNT).  During  the  continuous  manufacturing  process  for  TNT,  a 
"red  water"  waste  is  produced  that  is  concentrated  through  a  distillation 
process.  The  distillate,  known  as  condensate  wastewater,  contains  a  large 
number  of  nltroaromatlc  by-products  and  has  in  the  past  received  minimal 
treatment  before  being  discharged  into  receiving  bodies  of  water.  The  purpose 
of  this  Investigation  was  to  determine  the  toxicity  to  freshwater  aquatic 
organisms  of  three  components  of  condensate  wastewater:  1 ,3-dlnltrobensene 
(DNB),  3,5-dlnitroanlline  (DINA),  and  1 ,3 ,5-trinitrobenzene  (TNB).  The  latter 
two  compounds  are  also  formed  In  aquatic  systems  as  by-products  of  the  photo¬ 
lysis  of  TNT.1  DNB  Is  the  third  largest  component  of  condensate  wastewater, 
after  2,4-  and  2,6-dlnltrotoluene.  Extensive  work  on  the  toxicity  of  2,4- 
dlnltrotoluene  to  aquatic  organisms  has  already  been  conducted,  along  with 
some  preliminary  tests  with  2,6-dlnltrotolucne.2 

Further  Investigations  have  explored  the  toxicity  of  an  artificial  30- 
component  condensate  wastewater  and  the  acute  toxicity  of  each  individual 
compound  in  the  condensate  mixture  to  aquatic  organisms.2  The  results  of 
these  tests  with  DNB,  DINA,  and  TNB,  along  with  other  data  from  the  literature 
on  these  three  materials,  are  given  in  Table  1.  From  these  rather  limited 
data,  DINA  would  appear  to  be  the  least  toxic  of  the  compounds. 

The  present  study  utilised  four  fish  species,  rne  aquatic  Invertebrate, 
and  one  planktonic  alga  in  an  attempt  to  define  the  toxic  threshold*  of  DINA, 
DNB,  and  TNB  to  these  aquatic  organisms.  Preliminary  static  acute  tests  with 
each  species  were  followed  by  additional  tests  with  the  species  found  to  be 
most  sensitive  to  the  toxic  effects  of  each  compound.  These  other  evaluations 
Included  dynamic  (flow-through)  acute,  early  life  stage  (fish),  and  chronic 
(Daphnla  magna)  toxicity  tests.  The  algal  toxicity  tests  were  done  under 
contract,  and  the  results  were  provided  In  a  letter  report.3 


MATERIALS  AND  METHODS 


TEST  CHEMICALS  AND  ANALYTICAL  CHEMISTRY 

DNB  and  TNB  were  synthesized  and  purified  by  USAMBRDL  chemists.  DINA  was 
obtained  from  Aldrich  Chemical  Company  (approximately  97  percent  pure)  and 
further  purified  by  recrystallization  from  ethanol.  The  final  purity  of  all 
test  chemicals  was  in  excess  of  99  » percent . 

Analytical  methods  used  for  TNB,  DNB,  and  DINA  are  shown  in  Thbles  2,  3, 
and  4,  respectively.  Blind  spike  samples,  consisting  of  a  known  amount  of 
toxicant  dissolved  in  dilution  water.,  were  generally  provided  with  each  sample 
set  taken  during  a  test.  Since  average  percent  recoveries  for  these  spike 
samples  were  nearly  all  between  90  and  100  percent,  reported  concentrations 
were  not  corrected  for  percent  recovery. 
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TAILS  1.  TOXICITY  OF  fit HA,  DOT 


Coa  pound 

8p*cUa 

Period  of 
Expoeure 

DIMA 

Hater  Plea  (Caphnla  mm) 

AS  hr 

Fat  hand  Minnow  (Plaephalaa 
proaalar) 

96  hr 

DMA 

Bluejrean  Alga  (Hlcro- 
cpatla  aerualnoaaj 

Not 

aval labia 

Creen  Alia  (Scenedaeaua 
quadrlcauda) 

7  da  pa 

Protoioan  (Bntoelphon 

72  hr 

aulcat.ua) 


Fathaad  Minnow  (Plauphalea 
proaalaa) 

96  hr 

Fathaad  Minnow  (Fiaaphalaa 
proaalaa) 

96  hr 

Kadbelly  Daca  (Chroaoaua 
ap.) 

6  hr 

Ooldan  Orfa  (Lanclacua  ldua 
aelanotua) 

(tot 

available 

Bacteria  (Paaudoacnae 
putlda) 

16  hr 

Hater  Flaa  (Daphnla  uanna) 

A8  hr 

Fathaad  Minnow  (Plaephalea 
proaelaa) 

96  hr 

AKD  TOT  TO  AQUATIC  (MCAN18M 


tnd  Point 

tad  Point 
Concentration 
ag/L  (95X 
Confidence 
Unite) 

Maf . 

BC30 

13. A  U3.3-1S.O) 

2 

LC30 

21.8  (19.1-31.3) 

2 

Thraahold  for 
Inhibition  rf 
call  aultiplleatlon 

0.17 

6 

Thraahold  for 
Inhibition  of 
cell  aultiplleatlon 

0.7 

7 

thraahold  for 
Inhibition  of 
call  Multiplication 

0.76 

7 

LCSO 

7.0  ( 3.8-8. 1) 

i 

LC50 

12.7  (9.7-16.2) 

10 

lethal  thraahold 

8-10 

8 

LC50 

10 

9 

Thraahold  for 
Inhibition  of 
cell  aultiplleatlon 

1A 

7 

LCSO 

49.6  (42.5-59.2) 

2 

LC50 

1.1  (1.0-1. 2) 

2 

*8  hr 


LC50 


2.7  (2.4-3. 1) 


2 


TABLE  3.  AKALYT1CAL  CHDUBTBY  *THOOB  FOB  WTB 


i 

Jl 


5 


V 

I 


Hi 

I«i 


4J 

I5 


! 

H 

W 

• 

fi 


Sj 

22 


I 


$ 

s 


«b5 
a  g 


8 


s 

A 


s 

i 


1 

•0 


o 


8 


I 

8 


U  /-N 

| 

2  i . 

1! 

IN  — . 

2  « 

11  2  5 

S  N 

vD  Q 

w 

R  S  i 

«4  « 

S-*  O 

m  a. 

*.  ■ 

o 

O 

C 

..  3 

U 

IN 

IN 

IN 

| 

—  O  V 

1  *J  •> 

8 

1 

8 

8 

>  u  u 

O  1»  £ 

W  4J 

i 


S 

I 


TABLE  4.  HPLC  PARAMETERS  FOR  THE  ANALYSIS  OF  DINA 


Standard  Conditions 

Changes  for  Rainbow  Trout 

Early  Life  Stage  and 

Water  Flea  Chronic  Testa 

Column: 

3.9  m  (ID)  by  30  cm 

Cjg  pBondapak 

Mobile  Phase: 

65*  methanol/ 35*  water 

63*  methanol/ 37X  water 

Loop  Slse: 

50  pL 

100  pL 

Detector : 

UV,  250  tut 

Flow  Rate: 

1.5  mL/min 

1.1  mL/mln 

Internal  Standard: 

None  used;  constant 
volume  Injections 

Retention  Time: 

3.91-4.03  min 

Sensitivity: 

0.04 

0.02 

Pressure : 

14  MPa 

Blind  Spike  Results 

Average  percent 

82 

100* 

Recovery 

Range 

72-92 

88-113 

n 

4 

18 

Ti  One  spike  (68Z  recovery)  excluded;  Maple  preparation  error  suspected. 


In  the  fathead  minnow  static  acute  test,  a  gas  chromatograph  was  used 
Instead  of  the  HPLC  to  measure  test  concentrations.  A  Hewlett  Packard  Model 
5830  gas  chromatograph  was  equipped  with  a  nitrogen-phosphorus  detector  and  a 
183  cm  by  2  me  (ID)  column  packed  with  3  percent  0V-210.  The  temperature  was 
220°C  (isothermal),  and  the  internal  standard  was  TNB.  Two  blind  spikes 
measured  with  this  method  had  recoveries  of  93  and  94  percent. 

Analytical  methods  used  in  the  algal  toxicity  tests  have  been  described 
elsewhere.4  Spike  samples  for  these  tests  were  made  from  a  1:20  dilution,  of 
the  stock  solution  in  algal  assay  medium.  Percent  recoveries  for  TNB,  DINA, 
and  DNB  were  85.2,  95.2,  and  88.9,  respectively.5 
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TOXICANT  STOCK  SOLUTIONS 


Test  solutions  were  prepared  by  diluting  stock,  solutions  of  the  test 
compounds.  Stock  solutions  were  made  either  in  dilution  water  or  in  dimethyl - 
formamlde  (DMF).  Stock  solutions  in  water  were  made  by  adding  excess  toxicant 
to  aerated  well  water,  stirring  for  24  to  72  hours,  and  filtering  the  solution 
to  remove  the  remaining  crystals.  Distilled  water  was  substituted  for  well 
water  only  if  the  stock  solution  made  up  less  than  about  1  percent  of  the  test 
solution  volume. 

Stock  solution  concentrations  were  determined  with  a  Beckman  Acta  V  ultra¬ 
violet  spectrophotometer .  The  solubilities  of  the  three  test  compounds  in 
well  water  at  room  temperature  (20  to  23°C)  were:  TNB  -  433  mg/L  (range  397 
to  461,  n»8);  DNB  -  419  mg/L  (range  371  to  463,  n-7);  and  DiNA  -  185  mg/L 
(range  lu6  to  196,  n-6). 

Stock  solutions  were  prepared  in  DMF  when  extremely  large  quantities  of 
aqueous  stock  solutions  would  otherwise  have  been  required.  All  three  test 
compounds  dissolved  readily  in  DMF.  With  TNB  and  DNB,  IMF  stock  solutions 
were  used  only  for  the  rainbow  trout  dynamic  acute  tests.  DINA  was  much  less 
soluble  in  well  wpter,  so  IMF  was  used  as  a  carrier  solvent  in  all  tests 
except  the  rainbow  trout  static  acute  test  and  the  daphnid  tests. 

When  DMF  was  present,  a  control  treatment  with  IMF  present  was  included. 
Since  DMF  concentration  increased  with  increasing  toxicant  concentration,  the 
amount  of  DMF  in  this  control  was  set  equal  to  the  amount  of  DMF  present  at 
the  highest  toxicant  treatment  level.  The  maximum  concentration  of  DMF  used 
was  0.5  mL/L  in  the  static  acute  tests  and  0.1  mL/L  in  flow-through  tests. 

DILUTION  WATER  QUALITY 

Test  solutions  were  made  by  mixing  appropriate  amounts  of  the  stock  solu¬ 
tions  with  dilution  water.  The  dilution  water  was  obtained  from  a  62-M 
well.  Water  was  pumped  through  a  spray  nozzle  (for  aeration)  into  a  750-L 
reservoir  tank.  A  second  pump  then  sent  the  water  through  a  5-u  cellulose 
acetate  cartridge  filter,  an  ultraviolet  sterilizer,  and  temperature  adjust¬ 
ment  equipment  and  then  to  the  testing  facility. 

Because  the  well  water  is  very  hard,  some  precipitation  of  calcium  carbon¬ 
ate  was  noted  from  fresh  well  water.  To  help  prevent  this,  a  water  softening 
system  was  added  to  reduce  the  hardness  of  the  water.  For  the  tests  listed  in 
Table  5  (note  a),  flow  reducers  were  used  to  deliver  a  mixture  of  60  percent 
raw  well  : .ter  and  40  percent  softened  well  water  through  the  spray  nozzle 
into  the  .eservoir  tank. 

During  the  period  of  testing,  weekly  measurements  were  made  of  well  water 
pH,  hardness,  alkalinity,  total  organic  carbon,  suspended  solids,  and 
ammonia.  A  summary  of  these  data  is  given  in  Table  5.  Test-specific  meas¬ 
urements  of  pH,  temperature,  and  dissolved  oxygen  concentration  are  discussed 
later  in  this  report.  More  comprehensive  analyses  of  well  water  are  provided 
in  Table  6.  Nearly  all  the  potentially  toxic  metals  and  organics  were  at  non- 
detectable  levels.  The  sporadic  presence  of  DDD  is  an  exception,  but  the 
concentration  levels  (maximum  40  ng/L  in  1980)  were  extremely  low.  The  rela¬ 
tively  high  levels  of  sodium  in  1982  are  related  to  the  use  of  the  water 
softener. 
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TABLE  5.  SUMMARY  OF  WEEKLY  DILUTION  WATER  QUALITY  MEASUREMENTS 


Mean 

Number  of 

Parameter 

Value 

Range 

Observations 

pH 

7.8 

7. 5-8. 2 

28 

Hardness 

290 

228-339 

38 

(mg/L  as  CaCOj) 

177a 

159-194 

30 

Alkalinity 

(to  pH  A. 5,  mg/L  as  CaCO-j) 

216 

163-276 

72 

Conductivity  (umhos/cm) 

660b 

450-825 

48 

Total  Organic  Carbon  (mg/L) 

7.8 

1-25 

50 

Suspended  Solids  (mg/L) 

3.3 

0-20c 

60 

Unionized  Ammonia  (ug/L) 

<35 

43 

a.  Includes  data  from  these  tests:  rainbow  trout  early  life  stage  tests  with 
DINA,  DNB,  and  TNB;  water  flea  chronic  tests  with  MNA  and  TNB. 


b.  During  the  rainbow  trout  early  life  stage  test  with  TNB,  the  mean 
conductivity  was  920  umhos/cm  (range  720-1250,  n»10). 

c.  .  Few  high  values  attributed  to  occasional  flakes  of  carbonate  material  from 

water  delivery  lines. 


The  only  fish  or  Invertebrate  culturing  difficulty  that  seemad  related  to 
water  quality  was  sporadic  Instances  of  neonate  daphnids  becoming  caught  in 
the  surface  film.  These  "floaters"  never  occurred  in  more  than  a  few  of  the 
flow-through  cultures  at  any  one  time.  The  problem  was  virtually  eliminated 
by  extra  aeration  of  the  well  water  and  may  have  been  related  to  a  slight 
supersaturation  of  the  water  with  gases,  although  dissolved  oxygen  concentra¬ 
tion  levels  were  always  below  the  saturation  point. 

TEST  ORGANISMS 

Specific  Information  on  fish  used  in  testing  is  given  in  Table  7.  Fish 
were  fed  Rangens  trout  food  pellets  during  holding.  The  higher  loading  levels 
were  used  successfully  in  the  rainbow  trout  flow-through  studies  due  to  the 
greater  turnover  of  test  solution  in  these  studies.  Durotest  Optima  50*  * 
wide  spectrum  fluorescent  bulbs  (color  rendering  index  of  91)  were  used  with 
all  organisms  (including  fish)  during  both  holding  and  testing.  The  photo- 
pet  io<*  was  always  16  hours  light  and  8  hours  dark. 


*  Use  of  trademarked  name  does  not  imply  endorsement  by  the  US  Army,  but  is 
used  only  to  assist  in  Identification  of  a  specific  product. 
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TABLE  6.  ANNUAL  COMPREHENSIVE  DILUTION  WATER  ANALYSES 


1980-1982 


_ Chlorinated  Hydrocarbon* _ 

Parameter  Concentration  (ng/L)  Parameter  Concentration  Detection  Liialt 

1980  liH  1^82*  1900  T5H  1982  (pg/L) 


Aaaonla  (a* 

N) 

0.33 

0.49 

0.03 

Aldrin 

Xb 

X 

X 

0.02 

Nitrite  (a* 

N) 

<0.01 

_ c 

<0.02 

Nitrate  (as 

N) 

0.02 

— 

0.45 

p,p'-DDT 

X 

X 

X 

0.02 

Chloride 

— 

— 

91.5 

0  ,p-DDT 

X 

X 

X 

0.02 

Fluoride 

2.0 

0.18 

0.33 

DDD 

0.04 

X 

0.026 

0.02 

Sulfate 

39.2 

37.6 

46.8 

Cleldrln 

T 

X 

X 

0.02 

Aluminum 

0.047 

<0.005 

<0.002 

Endrln 

X 

X 

X 

0.02 

Barium 

0. 1A0 

0.097 

0.113 

Heptachlor 

Y 

X 

X 

0.02 

Boron 

<1.5 

— 

— 

Heptachlor 

Cadalun 

0.0004 

<0.001 

<0.001 

Epoxide 

X 

X 

X 

0.02 

Calcium 

73.8 

58.0 

45.7 

Lindane 

X 

X 

X 

0.01 

Cobalt 

<0.003 

<0.005 

<0.004 

Chlordane 

X 

X 

X 

0.20 

Copper 

<0.02 

<0.005 

<0.003 

Alpha- BHC 

X 

X 

X 

0.01 

Iron 

<0.03 

<0.005 

<0.003 

Beta -BHC 

T 

- 

X 

0.02 

Lead 

<0.001 

<0.002 

<0.002 

Delta-BHC 

X 

- 

X 

0.01 

Magnealua 

23.2 

17.3 

15.5 

Toxaphene 

X 

X 

X 

1-0  u 

Manganese 

<0.02 

<0.005 

— 

Methoxychlor 

X 

X 

X 

0.20“ 

Mercury 

<0.001 

<0.005 

<0.0005 

Polychlorinated 

Potassium 

0.60 

3.3 

1.2 

Biphenyls 

- 

<0.1 

<0.001 

— 

Silicon 

6.10 

5.6 

5.4 

Sliver 

<0.05 

~ 

~ 

Sodlua 

30.2 

52.0 

1 19.0 

Tin 

<0.002 

— 

Zinc 

0.282 

<0.005 

<0.02 

a#  Sample  taken  In  1982 
coftened  well  water. 

waa  after 

switch  from  well  water  to 

So*  well 

water 

plus  461! 

b.  X  “  below  detection  Halt;  T  -  trace  (detectable  peak,  but  below  detection  Halt  and  not 
quantifiable).  Concentration*  reported  In  ug/L. 

c.  Not  aeaaured. 

d.  Detection  Halt  0.02  ug/L  In  1982. 
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Dsphnlds  (Daphnla  magna)  were  raised  in  an  ln-house  culture  unit.  Daph- 
nlds  used  la  the  static  acute  tests  were  obtained  frees  stock  cultures  held  In 
19-L  aquaria  containing  15  L  of  well  water.  The  temperature  was  20°C  (range 
19  to  21),  and  the  lighting  had  an  average  Intensity  of  625  lux  (range  538  to 
732) .  Dissolved  oxygen  levels  were  maintained  by  gently  bubbling  air  through 
the  cultures.  Daphnlds  were  fed  a  mixture  of  trout  food  (US  Fish  and  Wildlife 
Service  PR-11  formulation)  and  yeast  ati  a  concentration  of  30  mg/L  (dry 
weight)  once  per  day  (Monday  through  Friday),  but  only  If  food  from  the 
previous  feeding  had  been  mostly  cleared  from  the  water.  Cultures  were 
restarted  In  fresh  well  water  every  three  weeks.  Daphnlds  from  cultures 
having  ephlppla,  excessive  mortality,  or  very  low  reproductive  rates  were  not 
used  In  testing. 

Daphnlds  used  In  chronic  testing  were  raised  differently.  Stock  daphnlds 
were  housed  In  2-L  tanks  with  10  daphnlds  per  tank.  Aerated  well  water  flowed 
through  the  tanks  at  a  rate  of  two  tank  volumes  per  day.  Temperature  was 
maintained  at  20°C  (range  19  to  21),  and  light  Intensity  was  150  to  350  lux. 
Daphnlda  were  fed  twice  each  day,  seven  days  per  week  with  vitamin  enriched 
Anklstrodesmus  falcatus  using  the  methods  of  Goulden  et  al.11  Feeding  levels 
were  approximately  2  mg/L  (dry  weight)  In  the  morning  and  4  mg/L  In  the  after¬ 
noon.  Young  were  removed  from  the  tanks  every  Monday,  Wednesday,  and  Friday. 

TOXICANT  DILUTER  OPERATION 

Flow-through  toxicity  tests  were  conducted  using  proportional  diluters 
constructed  as  described  In  Lemke  et  al.12  No  neoprene  stoppers  were  used, 
however,  and  glass-glass  connections  were  made  using  only  silicone  glue  or 
heat-shrinkable  perfluoroc^rbon  tubing.  Toxicant  stock  solutions  and,  where 
appropriate,  solvent  control  stock  solutions  v;ere  automatically  delivered  Into 
the  dlluter  system  through  Lab  Industries  Repipettes  ,  which  were  available  In 
sizes  capable  of  delivering  from  0.01  to  30  mL  per  cycle.  The  Repipettes 
provided  a  callDrated  amount  of  stock  solution  with  each  dlluter  cycle.  Dilu¬ 
tion  water  from  the  W1  chamber  filled  a  bucket  attached  to  a  rod.  The  weight 
of  the  bucket  forced  the  Repipette  plunger  down  against  a  spring,  delivering 
the  toxicant  Into  the  Ml  mixing  chamber.  The  bucket  then  emptied  through  a 
self-starting  siphon  Into  the  Ml  chamber,  and  the  Repipette  was  recharged  with 
fresh  toxicant  solution  es  the  rod  returned  to  the  up  position.  Daily  meas¬ 
urements  were  made  of  stock  solution  usage  rates  and  the  cycle  time  of  the 
dlluter  to  ensure  proper  operation.  Flow  rates  into  the  test  tanks  provided 
six  tank  volumes  of  test  solution  per  day  for  fish  dynamic  acute  and  early 
life  stage  tests  (diluters  provided  0.5  L/treatment  level/cycle)  and  two  tank 
volumes  per  day  for  the  daphnid  tests  (diluters  provided  0.25  L/treatment 
level/cycle) . 

TEST  END  POINTS  AND  DATA  ANALYSES 

A  fish  was  considered  dead  when  ventilatory  movements  ceased  and  the  fish 
felled  to  respond  to  gentle  prodding.  LC50s  (and  their  95  percent  confidence 
limits)  for  mortality  were  determined  using  a  computer  program  developed  by 
C.  Stephan.*3  The  binomial  method  for  estimating  LC50s  was  used  when  there 
were  leas  than  two  concentrations  at  which  mortality  was  between  0  and  100 
percent.  Confidence  limits  generated  with  this  method  are  actually  greater 
than  95  percent  (e.g.  97  or  99  percent);  however,  they  are  used  here  a.  con¬ 
servative  estimates  of  the  95  percent  limits.  Moving  average  or  probit 
methods  were  used  for  determining  LC50a  when  two  or  more  responses  between  0 
and  100  percent  occurred  in  a  test.  Probit  results  were  recorded  when  the 
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goodness  of  fit  probability  of  the  data  to  the  nrobit  model  was  greater  than 
0.05.  Moving  average  LC50  estimates  were  used  if  the  probit  goodness  of  fit 
was  less  than  C.05. 

With  daphnlds,  immobilisation  was  used  as  an  end  point  instead  of  death. 
Especially  with  daphnlds  exposed  to  DINA,  it  was  difficult  to  determine 
whether  a  daphnid  was  dead  or  immobilized  without  microscopic  examination. 

The  analysis  of  the  mortality  data  was  the  same  as  with  fish,  except  that  an 
EC50  was  calculated  rather  than  an  LC50. 

The  following  end  points  were  monitored  during  the  fish  early  life  stage 
tests:  egg  hatchability,  days  to  50  percent  hatch,  days  to  50  percent  swim-up 
(rainbow  trout  only,  measured  from  the  50  percent  hatch  day),  fry  survival, 
overall  survival,  standard  length  and  weight  (measured  at  the  end  of  the 
test),  fry  deformities  (percent),  and  behavioral  effects.  Days  to  50  percent 
hatch  and  swim-up  and  behavioral  effects  could  not  be  analyzed  statisti¬ 
cally.  When  statistical  differences  were  monitored,  an  initial  chi  square 
test  for  heterogeneity  was  applied  to  the  data  from  replicate  exposure  tanks 
to  determine  if  the  replicates  could  be  pooled.  For  the  growth  parameters, 
sample  size  was  adjusted  downward  when  heterogeneity  was  detected,  according 
to  the  methods  of  Feder.14 

For  the  count  variables,  including  egg  hatchability,  fry  survival,  overall 
survival,  and  fry  deformities,  a  multiple  comparison  statistical  approach  was 
used  to  determine  which  treatment  groups  were  significantly  different  from  the 
controls.  (In  one  early  life  stage  test,  solvent  controls  were  used  in  addi¬ 
tion  to  water  controls.  Significant  differences  between  the  controls  were  not 
found  for  any  parameter,  so  statistical  comparisons  were  made  using  pooled 
water  and  solvent  control  groups.)  A  succession  of  2  x  2  contingency  table 
tests  of  homogeneity  between  each  treatment  group  and  the  controls  were  done 
based  on  a  one-tailed  Fisher's  exact  test.  Bonferroni's  method  was  used  to 
adjust  for  simultaneity.  Growth  measurements  (standard  length  and  weight) 
were  analyzed  using  a  one-way  analysis  of  variance.  Dunnetts  multiple  com¬ 
parison  procedure  was  used  for  detecting  significant  treatment  effects  as 
compared  to  the  controls. 

The  following  end  points  were  monitored  in  daphnid  chronic  tests: 
immobilization,  young  per  replicate  tank,  young  per  female  per  reproductive 
day  (total  young  divided  by  the  total  days  that  the  daphnlds  were  alive  after 
the  onset  of  reproduction  in  the  test  tank),  and  growth  (length  from  the  apex 
of  the  head  to  the  tip  of  the  caudal  spine).  For  these  data,  the  General 
Linear  Models  program  of  the  Statistical  Analysis  System15  was  used  to  gener¬ 
ate  a  non-linear  regression  model  (response  vs.  log  [concentration]),  from 
which  concentrations  eliciting  a  given  response  (e.g.  an  EC50)  could  be  esti¬ 
mated.  In  this  report,  the  results  of  pair-wise  comparisons  between  treat¬ 
ments  and  the  controls  generated,  using  the  General  Linear  Models  program,  are 
reported  by  indicating  those  treatments  that  produced  significant  differences 
(p-0.05)  from  the  controls. 

Growth,  measured  in  terms  of  cells  per  milliliter,  was  monitored  during 
the  algal  toxicity  testing  procedures.  Significant  differences  in  growth  from 
the  controls  were  evaluated  after  5  and  14  days  of  exposure  to  toxicants. 

Five-  and  14-day  no-effect  concentrations  were  determined  using  a  one-way 
analysis  of  variance,  with  Williams'  procedure15  used  for  pair-wise  tests  for 
significant  differences  from  the  controls. 
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In  addition,  5-day  alglstatic  concentrations  were  determined.  Alglatatlc 
toxicant  concentrations  are  defined  as  those  at  which  algal  cell  numbers  were 
virtually  unchanged  from  initial  inoculum  levels  after  5  days  of  exposure,  but 
which  allowed  logarithmic  growth  to  resume  over  a  9-day  period  after  the  algae 
were  transferred  to  growth  medium  that  did  not  contain  toxicant.17  Toxicant 
treatments  that  prevented  a  return  to  logarithmic  growth  were  considered  to 
have  been  alglcldal. 

TEST  METHODOLOGIES 

Static  Acute  Tests 


For  both  fish  and  daphnid  tests,  static  acute  methods  generally  followed 
those  recommended  by  the  American  Society  for  Testing  and  Materials.18  Fish 
to  be  used  in  testing  were  acclimated  to  the  well  water  for  the  periods  indi¬ 
cated  in  Table  7.  Fish  were  not  used  in  testing  if  they  had  any  symptoms  of 
disease  within  10  days  of  the  start  of  the  test,  or  if  more  than  2  percent  of 
the  fish  died  within  the  48  hours  preceding  the  start  of  the  test.  Fish  were 
transferred  from  stock  tanks  into  holding  tanks  48  hours  prior  to  the  start  of 
a  test  and  were  not  fed  during  this  time.  The  fish  were  then  randomly 
assigned  to  a  test  jar  in  groups  of  three  to  four.18  There  were  three  jars  of 
10  fish  or  tw>  jars  of  15  fish  per  treatment  level,  depending  on  the  size  of 
the  fish.  Test  jars  sere  randomly  assigned  to  positions  in  the  water  bath.19 

Fish  were  tested  in  19-L  glass  jars  containing  14  L  of  test  solution. 

Four  or  five  toxicant  concentrations  plus  controls  were  used  in  each  test. 

The  concentrations  were  in  a  logarithmic  series  (ratios  of  1.0,  1.8,  3.2,  5.6, 
10.0),  with  the  estimated  LC50  at  the  "3. 2"  point.  Temperature  was  held 
within  one  degree  (Celsius)  of  the  holding  temperature  (Table  7)  by  keeping 
the  jars  in  a  water  bath.  Water  bath  temperature  was  monitored  with  a  7-day 
temperature  recorder,  and  temperatures  were  checked  daily  in  one  test  jar. 
Lighting  was  of  the  same  quality  and  photoperiod  as  was  used  during  holding, 
but  during  some  tests  light  Intensity  was  higher.  A  raaximun  of  1900  lux  was 
recorded  during  testing  as  compared  to  a  maximum  of  350  lux  during  holding. 

The  pH  and  dissolved  oxygen  concentrations  were  measured  after  0,  48,  and  96 
hours  in  one  replicate  of  the  control  and  in  low,  medium,  and  high  toxicant 
concentrations.  Aeration  was  initiated  in  all  jars  If  the  dissolved  oxygen 
level  fell  below  40  percent  of  saturation  at  the  test  temperature.  Other 
aspects  of  dilution  water  quality  are  summarized  in  Tables  5  and  6  and  were 
discussed  earlier. 

Toxicant  concentrations  were  measured,  at  a  minimum,  at  the  beginning  and 
end  of  each  test  In  the  controls  and  the  low,  medium,  and  high  concentra¬ 
tions.  Mean  measured  concentrations  at  each  treatment  level  were  used  In  all 
data  analysis  procedures.  When  toxicant  concentrations  were  not  measured  at 
all  treatment  levels,  remaining  nominal  concentrations  were  multiplied  by  the 
average  ratio  of  measured  to  nominal  concentrations. 

Loading  levels  igraas  of  fish  per  liter  of  solution)  during  the  test  are 
shown  In  Table  7.  The  levels  are,  In  general,  higher  than  the  recommended 
0.8  g/L.18 

The  testing  approach  used  in  daphnid  static  acute  tests  was,  in  many  ways, 
identical  to  that  used  in  the  fish  static  acute  tests.  Only  aspects  unique  to 
daphnid  tests  or  different  from  the  fish  static  acute  tests  are  described. 


Daphnlds  to  be  used  In  testing  were  obtained  from  females  Isolated  from  stock 
cultures  less  than  24  hours  before  the  start  of  a  test.  Trout  chow  and  yeast 
food  was  provided  to  these  adultB  and  their  neonates  up  to  the  time  that  the 
young  were  pooled  for  testing.  Neonates  were  transferred  with  an  eyedropper 
having  a  fire-polished  bore  at  least  2  on  in  diameter.  After  pooling,  daph- 
nids  were  randomly  assigned  to  positions  in  the  testing  water  bath.  Daphnlds 
were  moved  in  groups  of  two  and  three  into  200  mL  of  test  solution  In  250  t>L 
boroslllcate  glass  beakers  until  each  beaker  contained  five  daphnlds.  Six 
beakers  (30  daphnlds)  were  used  at  each  treatment  levul. 

Test  solutions  were  prepared  in  well  water  which  had  been  aerated  prior  to 
use  to  ensure  that  dissolved  oxygen  levels  were  90  to  100  percent  of  satura¬ 
tion.  Samples  of  test  solution  for  toxicant  concentration  measurement  were 
taken  at  the  beginning  and  end  of  the  test.  Test  duration  was  48  hours. 

Dynamic  Acute  Tests 

Dynamic  (or  flow-through)  acute  tests  were  conducted  only  with  fish,  the 
goal  of  these  tests  was  to  determine  a  long-term  LC50  and  to  check  for  evi¬ 
dence  of  cumulative  toxicity.  The  lengths  of  these  tests  varied  from  10  to  30 
days. 


Fish  were  obtained  and  randomised  to  test  tanks,  and  the  test  tanks  were 
randomized  into  a  water  bath,  as  described  for  the  static  acute  test  proced¬ 
ures.  Fish  loading  levels  did  not  exceed  recommended18  levels  of  10  g/L  or 
1  g/L/day.  Fish  were  not  fed  for  the  48  hours  preceding  a  test,  nor  were  they 
fed  for  the  first  96  hours  of  the  test  in  order  to  duplicate  static  acute  test 
conditions.  After  96  hours,  fish  were  fed  the  same  food  as  they  had  been 
given  during  acclimation  once  each  day,  ad  libitum. 

Fish  were  tested  in  19-L  aquaria  which  contained  15  L  of  test  solution. 

The  aquaria  measured  40  cm  by  20  cm  by  25  cm  with  a  drain  hole  at  a  height  of 
19  cm.  Two  replicate  tanks  with  15  fish  per  tank  were  used  at  each  of  five 
treatment  levels.  (Two  replicates  of  10  fish  each  were  used  in  the  TNB 
dynamic  acute  test  with  rainbow  trout.)  Controls  and,  when  appropriate, 
solvent  controls  were  Included. 

The  pH  and  dissolved  oxygen  concentrations  were  monitored  In  one  replicate 
of  each  treatment  level  every  day.  Water  bath  temperature  was  monitored 
continuously  and  was  checked  with  a  thermometer  in  two  test  tanks  daily. 
Temperatures  were  maintained  within  one  degree  Celsius  of  the  holding  tempera¬ 
ture  In  all  tests  except  the  rainbow  trout  test  with  DNB.  In  this  test,  a 
water  chiller  malfunction  caused  temperatures  in  the  test  tanks  to  rise  to 
14.7°C  (the  target  was  12°C)  on  two  of  the  30  days  of  the  test. 

Dynamic  acute  test  dissolved  oxygen  concentrations  remained  in  excess  of 
60  percent  of  saturation,  and  aeration  of  the  tanks  wus  not  required.  The 
only  exception  was  in  the  TNB  dynamic  acute  test  with  fathead  minnows,  where  a 
dlluter  malfunction  caused  a  reduced  flow  of  test  solution  to  the  tanks  over¬ 
night  and  resulted  in  oxygen  concentrations  as  low  as  37  percent  of  satura¬ 
tion.  No  mortality  (either  immediate  or  delayed)  could  be  associated  with 
this  incident. 

Toxicant  concentrations  were  determined  analytically  in  at  least  one 
replicate  of  all  treatment  levels  at  the  beginning  of  the  test  and  weekly 
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thereafter.  Mean  measured  concentrations  were  used  in  all  data  analysis 
procedures. 

Fish  Early  Life  Stage  (ELS)  Tests 

These  tests  were  conducted  with  both  fathead  minnows  and  rainbow  trout. 
Procedures  were  similar  to  those  recommended  in  draft  test  protocols  developed 
by  the  American  Society  for  Testing  and  Materials.20 

The  only  fathead  minnow  ELS  test  conducted  wsb  with  TNB.  Eggs  less  than 
24  hours  old  came  from  in  in-house  culture  unit.  Eggs  were  obtained  from 
adult  fathead  minnows  ( 10  to  11  months  old)  that  had  been  held  in  aquaria  con¬ 
taining  spawning  substrates  (sections  of  10  cm  PVC  pipe  cut  in  half  length¬ 
wise).  A  polyethylene  liner  was  placed  in  each  substrate  to  facilitate 
removal  of  eggs.  Spawning  fathead  minnows  were  fed  frosen  brine  shrimp  and 
Rangens  No.  3  trout  food  and  were  kept  at  2S°C  under  light  conditions  similar 
to  those  described  earlier  for  fish  acclimation.  Clean  liners  were  placed 
into  each  substrate  less  than  24  hours  prior  to  the  start  of  the  test.  On  the 
day  of  the  test,  about  450  eggs  were  removed  from  three  different  substrates 
by  gently  rolling  the  eggs  with  the  tip  of  the  finger.  The  eggs  were  pooled, 
then  randomised10  into  beakers  containing  well  water  and  egg  cups.  Eggs  were 
transferred  in  groups  of  one  or  two;  due  to  some  clumping  of  the  eggs,  a  few 
groups  as  large  as  five  had  to  be  used.  The  egg  cups  were  11.5  cm  lengths  of 
50  mm  ID  glass  tubing  covered  at  the  bottom  with  508  micron  polyethylene  mesh 
screen. 

Once  the  eggs  were  in  the  cups,  the  cups  were  transferred  to  the  test 
tanks.  At  this  point,  each  cup  contained  35  eggs,  and  there  were  two  repli¬ 
cate  cups  for  each  of  the  five  treatment  levels  and  the  controls.  Tanks  were 
positioned  randomly19  in  the  water  bath.  A  rocker-arm  apparatus  was  used  to 
keep  the  egg  cups  in  motion.  The  vertical  travel  of  the  cups  was  about  2  cm 
at  a  speed  of  five  cycles  per  minute.  The  average  light  intensity  was 
250  lux.  Temperature  was  maintained  at  25°C  during  the  test;  the  actual  range 
was  23.8  to  26.3°C.  Dissolved  oxygen  concentrations  and  pH  levels  were 
measured  in  one  replicate  of  each  treatment  level  every  day.  Dissolved  oxygen 
levels  were  between  7.9  and  8.9  mg/L,  while  pH  levels  ranged  from  7.9  to 
8.2.  Toxicant  concentrations  were  measured  weekly  in  at  least  one  replicate 
of  each  treatment  level. 

Each  egg  cup  was  examined  dally,  and  dead  eggs  were  removed  from  the 
beginning  of  the  test  until  egg  hatch  was  complete.  When  at  least  90  percent 
of  the  eggs  had  hatched,  the  fry  were  released  from  the  egg  cup  into  the  test 
tank.  Any  remaining  eggs  were  left  in  the  egg  cup  until  they  either  hatched 
or  died.  Fry  were  fed  less  than  48-hour-old  brine  shrimp  (Artemia  sallna) 
nauplll  twice  each  day.  Feedings  were  at  least  6  hours  apart.  Excess  food 
and  fecal  materials  were  siphoned  from  the  tanks  dally  or  as  needed.  Dead  fry 
were  counted  and  removed  daily.  Fry  were  not  fed  for  tne  last  24  hours  of  the 
test  to  allow  their  guts  to  empty  prior  to  weighing.  The  fathead  minnow  ELS 
test  lasted  32  days. 

For  the  rainbow  trout  ELS  tests,  eyed  eggs  were  obtained  from  the  sources 
indicated  in  Table  7.  The  eggs  were  changed  from  the  temperature  at  which 
they  were  received  to  the  test  temperature  (12°C)  over  a  period  of  several 
hours.  The  eggs  were  then  transferred  in  groups  of  20  to  egg  baskets  sus¬ 
pended  in  19  L  aquaria  containing  15  L  *  test  solution,  until  each  egg  basket 
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contained  60  eggs  (80  eggs  for  the  first  test  with  DNB) .  With  two  raplicate 
aquaria  per  treatment  level,  s  total  of  120  (160)  eggs  were  used  per  treat¬ 
ment,  The  egg  baskets  were  made  from  nylon  mesh  netting  surrounding  a  stain- 
lean  steel  frame.  The  baskets  measured  12  cm  by  8  cm  by  9  cm.  They  were  kept 
In  motion  continuously  by  the  same  rocker  arm  apparatus  described  for  the 
fathead  minnow  ELS  test. 

Due  to  the  sensitivity  of  rainbow  trout  eggs  to  light,  the  eggs  were 
shielded  from  light  until  7  days  after  hatching.  After  this  time,  light 
Intensity  ranged  from  250  to  350  lux.  Temperature  was  maintained  within  a 
degree  of  12°C,  but  In  some  ELS  tests,  temperatures  as  high  as  14.5°C  were 
encountered  for  «.hort  periods  (less  than  24  hours)  due  to  cooling  system 
difficulties.  Dissolved  oxygen  concentrations  averaged  8.5  to  9.0  mg/L,  but 
when  the  levels  dropped  below  60  percent  of  saturation  due  to  Increased  fish 
sice  (sometime  between  days  47  and  62  of  the  tests),  aeration  was  begun  In  all 
tanks.  The  pH  In  all  the  tests  averaged  between  8.0  and  8.2  and  ranged  from 
7.9  to  8.5.  A  carrier  solvent  (DMF)  was  necessary  only  In  the  ELS  test  with 
DINA,  and  a  solvent  control  was  included  which  received  an  average  of  0  089 
mL/I.  DMF. 

Egg  hatching  was  recorded,  and  dead  eggs  were  removed  every  day  until 
hatching  was  complete.  The  trout  were  allowed  to  swim  out  of  the  egg  basket 
when  they  reached  the  swlm-up  stage  of  development.  Feeding  was  then  Initi¬ 
ated  with  standard  US  Fish  and  Wildlife  Service  formulation  trout  food.  Fish 
were  fed  twice  each  day  (at  least  six  hours  apart)  on  holidays  and  weekends 
and  three  times  each  day  during  the  rest  of  the  week.  Food  formulations  were 
changed  as  appropriate  to  match  the  Increasing  site  of  the  trout.  Excess  food 
and  fecal  materials  were  siphoned  from  the  tanks  dally. 

The  total  duration  of  the  rainbow  trout  ELS  tests  was  at  least  60  dayn 
follow -ng  the  JO  percent  hatch  day  in  the  controls.  Fish  were  not  fed  for  the 
la«t  V  hours  or  the  test  to  allow  their  guts  to  empty  prior  to  weighing. 

Daphnid  Chronic  Tests 

In  these  tents,  daphnids  were  exposed  to  the  toxicants  for  21  days.  Four 
replicate  tanks  of  10  daphnids  each  were  used  at  each  treatment  level.  Neo¬ 
nates  used  to  start  the  test  were  obtained  from  stock  cultures  of  adults  that 
were  at  least  21  days  old.  On  the  day  of  the  test,  less  than  24-hour-old 
youi.3  were  transferred  into  a  beaker  containing  well  water  and  algal  food. 
Neonates  t,*wa  tanks  containing  any  floating  daphnids  were  not  used.  The  young 
daphnids  were  then  randomly19  transferred  to  beakers  containing  test  solution 
In  a  water  bath  held  at  the  test  temperature  (?0°C).  Groups  of  three  or  four 
daphnids  were  transferred  at  a  time  using  an  eye  dropper  with  an  Inside  diame¬ 
ter  greater  than  2  mm  and  a  fire-polished  end. 

After  all  the  beakers  contai-ed  10  daphnids,  the  daphnids  were  Introduced 
Into  the  test  tanka.  The  tanks  were  constructed  of  glass  cemented  with  sill- 
cone  sealer.  Each  tank  was  a  14-cm  cube  with  a  drain  height  of  10  cm  and 
contained  2.3  L  o::  test  solution.  The  drain  was  covered  with  286-y  poly¬ 
ethylene  mesh  semen  to  prevent  the  loss  of  daphnids  from  the  tank.  The  drain 
was  connected  to  nn  external  standpipe  which  raised  the  solution  level  above 
the  drain  in  the  tank.  This  prevented  daphnids  from  becoming  stranded  on  the 
drain  screen. 
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Hit  toxicant  dll ate r  used  In  the  daphnld  chronic  teat  functioned  as 
deacrlbed  In  the  toxicant  dlluter  section  of  this  report,  A  total  of  230  aL 
wart  delivered  with  each  dlluter  cycln,  which  occurred  every  20  almites.  This 
was  spilt  four  ways  (62.5  aL  for  aach  replicate  tank). 

Toxicant  concentrations  were  measured  weekly  In  at  least  one  replicate  of 
each  treataent  level.  The  dissolved  oxygen  and  pH  levels  were  measured  In  one 
replicate  of  each  treataent  every  day.  Water  bath  teaperature  was  aonitored 
continuously,  and  test  tank  teaperature  was  checked  In  two  tanks  every  day. 
Light  intensity  during  testing  was  about  380  lux. 

Daphnlda  were  fed  the  saae  vitamin-enriched  Ankistrodesaus  fa lea t us  that 
were  provided  to  the  stock  cultures.  Based  on  the  dry  welgKt  per  cell  figures 
of  Goulden  at  el.,11  daphnlda  received  2  ag/L  (dry  weight)  In  the  aornlng  end 
afternoon  In  the  TNB  teat.  To  Increase  overall  young  production,  the  after-* 
noon  feeding  was  Increased  to  4  ag/L  In  the  DINA  chronic  test. 

Survival  was  noted  dally  in  each  test  tank.  After  day  7  of  the  test, 

young  production  was  monitored  every  Monday,  Wednesday,  and  Friday.  Adults 

were  transferred  to  a  beaker  of  test  solution,  and  the  test  solution  was  then 

poured  through  a  net  which  retained  the  neonate  daphnlds.  The  test  solution 
was  returned  to  the  test  tank  along  with  the  adults,  and  the  neonates  were 
rinsed  Into  a  beaker  for  counting.  After  21  days,  the  length  of  each  surviv¬ 
ing  daphnld  was  measured  using  a  stereoscope  with  a  calibrated  ocular  microme¬ 
ter.  Oaphnids  were  immobilised  prior  to  measurement  by  placing  them  In  a 
solution  containing  one  drop  of  Qiinaldlne  In  10  aL  acetone  and  150  aL  wall 
water. 


Algal  Test  Methods 


Algal  toxicity  test  procedures  were  based  on  those  recommended  by  Payne 
and  Hall.17  Additional  features,  as  described  by  Bailey,3  are  given  here. 
Algae  were  exposed  to  toxicant  solutions  In  100  mL  of  algal  assay  medium 
contained  in  500  mL  Erlenaeyer  flasks.  Triplicate  flasks  were  used  at  each 
treatment  level  except  the  controls,  which  had  four  replicate  flasks.  Bach 
flask  was  Inoculated  with  20,000  cells/mL  of  Selenastnss  caprlcornutum  and 
held  under  4,300  lux  of  cool  white  fluorescent  light  at  a  temperature  of  26°C 
(range  25  to  27°C)  for  14  days.  Flasks  were  shaken  continuously  at  100  rpm  on 
an  orbital  shaker  table.  Cell  counts  were  made  using  an  electronic  particle 
counter  on  days  2,  5,  7,  9,  12,  and  14.  On  day  5,  those  treatments  showing 
anything  less  than  a  twofold  Increase  in  cell  counts  were  pooled,  centrifuged, 
and  resuspended  in  triplicate  flasks  containing  clean  algal  assay  medium.  All 
cultures  were  then  grown  for  an  additional  9  days. 


Algal  test  solutions  were  sampled  for  toxicant  concentration  meaaureamnts 
at  all  treatment  levels  initially  and  on  day  5  of  exposure.  For  TNB,  toxicant 
samples  were  taken  only  in  the  controls  and  In  the  low,  medium,  and  high  TNB 
concentrations  on  day  5  of  the  test.  For  the  algal  test  results,  only  the 
initial  concentrations  are  reported;  no  substantial  loss  of  toxicant  material 
from  the  test  solutions  was  evident  in  any  of  the  day  5  samples. 
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RESULTS  AND  DISCUSSION 


3,5-DINITPOANILINE 

Results  of  ths  s tstlc  scuts  tssts  with  DINA  ars  shown  in  Thbls  8.  At  tha 
hlghar  concentrations,  aost  of  tha  fish  and  tha  daphnids,  prior  to  death,  wars 
immobilised  or  had  lower  activity  levels  than  tha  controls  and  tha  fish  at 
lower  concentrations.  Tha  low  daph..ld  ECSO  reported  is  soaewhat  misleading, 
since,  as  reported  in  Table  8,  daphnids  obtained  froa  stocks  fed  algae  instead 
of  trout  chow-yeast  food  were  considerably  eora  resistant  to  the  affects  of 
DINA;  tha  ECSO  was  hlghar  by  a  factor  of  aleost  four.  Tha  hlghar  EC50  is 
comparable  to  the  48  hour  LCSO  reported  in  Table  1  (15.4  eg/L).  The  fathead 
nlnnow  96-hour  LCSOs  (Tables  8  and  1)  were  virtually  identical. 


TABLE  8.  STATIC  ACUTE  TEST  RESULTS  WITH  DINA* 


Species 

End  Point 

LC/EC50,  mg/Lb 
(95X  Confidence 

Limits) 

Comments 

Fathead  Minnow 

96  hr  LCSO 

21.2  ( 15.1-29.9)c 

d,e 

Channel  Catfish 

96  hr  LCSO 

13.9  (10.8-18. 2)c 

d,e 

Bluegill 

96  hr  LCSO 

7.01  (3.92-14  4)c 

d,e 

Water  Flea 

48  hr  ECSO 

3.76f  (3.29-4.20) 

Rainbow  Trout 

96  hr  LC50 

2.99  ( 2 - 10— 3 .75)c 

TT  Specie*  arranged  In  order  of  increasing  sensitivity, 
b.  Based  on  mean  measured  concentrations. 


c.  Binomial  method  used  to  compute  LC50;  confidence  limits  shown  are 
actually  greater  than  95Z. 

d.  Aeration  used. 

e.  DMF  used  as  a  carrier  solvent. 

f .  EC50  for  daphnids  obtained  froa  adults  fed  algae  Instead  of  trout  chow 
and  yeast  was  13.8  mg/L  (12.9-14.8). 


Additional,  longer-term  testing  was  conducted  with  the  rainbow  trout, 
which  was  the  most  sensitive  species  identified  from  these  acute  studies. 

In  addition,  daphnid  chronic  test  results  are  reported  since  they  are 
available  from  another  study.  In  the  dynamic  acute  test  with  rainbow  trout, 
mortality  ceased  for  48  hours  after  day  9,  and  the  test  wss  terminated.  At 
day  9,  the  LCSO  was  1.9S  mg/L  with  95  percent  confidence  limits  of  1.71  to 
2.27.  This  LCSO  was  35  percent  below  the  96-hour  static  scute  LCSO  (2.99 
mg/L).  The  1.95  mg/L  figure  is  based  on  nominal  concentrations  determined 
from  measured  stock  solution  concentrations  and  toxicant  and  dilution  water 
deliveries.  Due  to  analytical  difficulties,  measurements  of  test  solution 
concentrations  could  not  be  made. 
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The  testing  series  with  DINA  wes  continued  with  e  rainbow  trout  ELS 
test.  Concentration  aeasureaent  data  are  given  In  Table  9.  The  test  lasted 
71  days  (63  days  post-hatch).  Late  In  the  test  (days  34  and  57),  the  repli¬ 
cate  tanks  at  the  top  concentration  overflowed  due  to  clogging  of  the  drain 
screen,  apparently  due  to  excessive  aucus  production  by  the  fish.  No  fish 
were  lost  because  of  these  Incidents. 


TABLE  9.  MEASURED  DINA  CONCENTRATIONS  IN  THE  RAINBOW  TROUT 

EARLY  LIFE  STAGE  TEST 


Nonlnal 

Concentration 

(■g/L) 

Mean  Measured 
Concentration 
(ag/L) 

Standard 

Deviation 

Range 

n 

1.5 

1.21 

0.104 

0.97-1.37 

11 

0.83 

0.65 

0.062 

0.57-0.76 

11 

0.47 

0.37 

0.037 

0.33-0.44 

11 

0.28 

0.21 

0.031 

0.17-0.28 

11 

0.18 

0.15 

0.019 

0.12-0.18 

11 

0  (DMF  control) 

BDL* 

— 

— 

11 

0  (water  control) 

BDL* 

— 

— 

11 

aT  Below  detection  Halt  (0.0<>9  ag/L). 


The  results  of  the  ELS  test  are  given  In  Table  10.  Significant  effects 
were  seen  at  the  top  two  concentrations.  The  effect  on  overall  survival  at 
0.21  ag/L  is  of  marginal  statistical  significance  (p-0.04)  and  Is  not 
reflected  In  significant  effects  on  either  hatching  success  or  fry  survival. 
Effects  were  observed  at  0.65  ng/L  on  hatching  success  (4.6  percent  below 
control  levels)  and  overall  survival  (-7.5  percent).  The  no  effect  level  for 
DINA  and  rainbow  trout  is  estiaated  to  lie  between  0.37  and  0.65  ag/L. 

The  toxicity  of  DINA  to  daphnlds  was  explored  in  conjunction  with  another 
research  project ,  so  chronic  toxicity  data  are  available  even  though  Daphnla 
aagna  was  not  one  of  the  more  sensitive  species  tested  (Table  8).  The  concen¬ 
trations  tested  are  given  in  Table  11.  As  shown  in  Table  12,  there  was  a 
cutoff  in  toxicity  between  2.41  and  4.56  ag/L.  At  4.56  ag/L,  significant 
effects  were  noted  for  length  (10  percent  below  controls),  young  per  feaale 
per  reproductive  day  (-21  percent),  and  total  young  per  test  tank  of  10 
daphnlds  (-20  percent).  At  7.98  ag/L,  young  first  speared  in  the  brood 
chambers  on  day  6  or  7  as  coapared  to  day  5  for  all  other  daphnlds.  Also  at 
this  concentration,  undeveloped  young  were  released  at  tlaes  during  the  test; 
this  was  not  seen  at  other  treatment  levels. 
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TABLE  11.  MEASURED  DINA  CONCENTRATIONS  IN  THE  DAPHNID  CHRONIC  TEST 


Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(mg/L) 

Standard 

Deviation 

Range 

n 

10.9 

7.98 

0.221 

7.76-8.32 

8 

5.9 

4.56 

0.044 

4.49-4.60 

8 

3.2 

2.41 

0.044 

2.34-2.47 

8 

1.7 

1.29 

0.054 

1.20-1.32 

8 

0 

BDLa 

— 

— 

4 

a.  BDL  -  Below  detection  limit  (0.34  mg/L) . 


The  presence  of  daphnlds  caught  In  the  water  surface  film  was  noted  and  is 
recorded  in  Table  12.  There  jeems  to  be  a  trend  towards  more  floating 
daphnlds  at  higher  concentrations,  although  some  floating  was  also  seen  in  the 
controls.  Another  apparent  trend  is  that  some  daphnlds  at  the  lower  concen¬ 
trations  and  the  controls  had  the  distal  portions  of  their  second  antennae 
missing.  Daphnlds  at  the  higher  concentrations  were  quite  lethargic;  if  the 
damage  to  the  antennae  were  somehow  related  to  movement,  a  lower  occurrence  of 
damage  at  higher  concentrations  would  be  expected. 

Data  from  the  DiNA  algal  toxicity  test  are  presented  in  Table  13.  Concen¬ 
trations  of  0.13  mg/L  and  above  decreased  algal  growth  relative  to  the  con¬ 
trols  after  5  days  of  exposure.  The  algae  at  the  top  three  concentrations, 
which  were  transferred  to  clean  media  after  5  days,  showed  renewed  growth 
during  the  last  9  days  of  the  test.  Thus,  DiNA  concentrations  of  0.13  to  15.1 
mg/L  are  considered  to  be  alglstatic,  while  the  no  observed  effect  concentra¬ 
tion  lies  between  0.03  and  0.13  mg/L.  Selenastrum  caprlcornutim  was  the  most 
sensitive  of  all  the  organisms  exposed  to  DiNA. 

1 , 3-DINITR0BENZENE 

There  was  a  fairly  large  range  in  the  sensitivity  of  the  organisms  tested 
to  DNB  (Table  14).  Daphnlds  were  the  least  sensitive,  and  as  such  were  not 
retested  with  algal-fed  daphnlds  as  was  done  with  the  daphnlds  exposed  to 
DiNA.  However,  literature  toxicity  data  for  DNB  and  daphnlds  (Table  1)  show  a 
48-hour  LC50  nearly  twice  as  high  as  the  EC50  reported  in  Table  14.  The 
fathead  minnow  96  hour  LC50  (16.8  mg/L)  compares  favorably  with  one  literature 
value  (12.7  mg/L),  but  not  with  the  other  (7.0  rag/L),  as  shown  in  Table  1. 

There  was  a  difference  of  almost  a  factor  of  20  between  the  daphnid  EC50 
and  the  LC50s  of  the  most  sensitive  fish  (blnegills  and  rainbow  trout) .  The 
LC50s  for  these  fish  were  also  substantially  below  those  for  the  redbelly  dace 
and  the  golden  orfe  (Table  1).  As  evidenced  by  the  high  control  mortality, 
the  channel  catfish  were  not  in  the  best  of  condition  for  testing,  but,  since 
they  were  not  among  the  most  sensitive  species,  the  test  was  not  repeated. 


CSI  Cl 

vO  >“H 


i— I  <4-1  CO 

«  o  « 

CD  43 

73  03  CD  X 
7-C  *H  B 
GOOD 
X  -H  g 

o.  x  w  2 

Jfi  43  M  C 

Ojj  a  « 

Z  l£  43 

<S 


N  <7 

<— <  CN  — 4 


pH  O 

«  3  ►. 
OOfH  73  j) 
C  «  O  a 


•o  e 
v  o 

IH  7-1 

9  4-1 
CD  «« 

<a  in  >J 

«  43  «7. 

$3  O  M 

v  a 

§ 

$  3 


vO 

co 

o 

O 

cm 

CO 

• 

• 

• 

m 

m 

<0 

o 

o 

4-» 

DO  C 

fH 

o 

o 

o 

g  CO 

CM 

oo 

o 

•— 1 

CO 

H 

a  H 

sS 

co 

o\ 

<S1 

<o 

CM 

u 

o 

oo 

CM 

Ch 

o 

H 

ON 

9 

• 

• 

• 

CM 

I*** 

ON 

o> 

m 

o 

o 

in 

m 

• 

• 

• 

• 

• 

CO 

o 

o 

CM 

n- 

00 

o 

07 

O' 

as 

X 

?p 

8  'aJ 

t> 

73  4) 

(U  r-4 

l  - 

0)  o 

CD  • 

■8  ° 

V 

CD  • 

73  w  a 

7-1  CD 

CUV 

x  *->  x 

O.  4J 

rt  V 

73  x  43 
43  CO 

P 

h  im  a 
O  r-4 

Uh  o 
O  c  U 

O  43 
M  -H  C 
V  4-1  O 

I  3  « 
e  73  x 

43 

41  « 

x  x  e 
•  43  43  5 

>7  «H 

*-)  <44  Vh  M3 
HOD 
03  _  >  43 

u  g  o  e 

th  3  at 

43  CD  p-4  U 
«  4)  41 

7H  4>  >  >4H 
43  -p  4)  CM 
«PHH 
43  ’O 

CD  I  43 

e  >3 
73  *  41  H 
4>  >7  fi  44 
N  «  43  c 
>>•6  co  a 
.-H  41  O 

SM  H  73 
43  43  UH 
CO  43  tH 

cd  X  0 

43  O  O  60 
O  j-t  <S  tH 
Z  Du  41  C/J 


TABLE  13.  EFFECTS  OF  DINA  ON  THE  GROWTH 
OF  SELENASTRUM  CAPRI CORNUTUM8 


Initial  Measured 

Concentration 

Growth  (cells/mL)D 

(mg/L) 

Day  5 

Day  14 

15 . 13c 

27 ,840* 

359,715* 

8.74c 

36,889* 

1,554,364* 

1 .46°' 

24,142* 

564,889* 

0.82 

293,833* 

2,850,987 

0.13 

729,910* 

1,999,458 

0.03 

2,123,164 

2,964,142 

Control 

2,387,153 

3,903,667 

al  Data  from  Bailey .* 

b.  Mean  of  three  replicates  (four  for  controls). 

c.  Cells  washed  and  resuspended  in  clean  media 


on  Day  S. 

d.  Significantly  different  from  the  controls  at 
the  p  <  0.05  level. 


TABLE  14.  STATIC  ACUTE  TEST  RESULTS  WITH  DNBa 


Species 

End  Point 

LC/EC50,  mg/Lb 
(95%  confidence 
limits) 

Comments 

Water  Flea 

48  hr  EC50 

27.4  (24.0-31.4) 

Fathead  Minnow 

96  hr  LC50 

16.8  (11.4-  +») 

c,e 

Channel  Catfish 

96  hr  LC50 

8.13  (7.10-9.30) 

d,e 

Rainbow  Trout 

96  hr  LC50 

1.70  (1.39-2.43) 

c 

Bluegill 

96  hr  LC50 

1.44  (1.20-2.30) 

c,e 

a.  Species  arranged  in  order  of  increasing  sensitivity. 

b.  Based  on  mean  measured  concentrations. 


c.  Binomial  method  used  to  compute  LC50;  confidence  limits  shown  are  actually 
greater  than  95%. 

d.  Best  available  data;  mortality  in  three  control  replicates  was  0/10,  0/10, 
and  6/10.  No  similar  disparity  in  mortality  between  replicates  was  seen 
in  the  other  treatments. 

e .  Aeration  used . 
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Further  testing  was  conducted  with  the  rainbow  trout.  Although  the  blue- 
gill  was  slightly  more  sensitive  in  terns  of  the  acute  LC50s,  the  overlap  of 
confidence  limits  Indicated  that  the  difference  was  not  significant.  The 
trout  was  selected  for  additional  testing  primarily  due  to  the  potential 
difficulties  anticipated  in  performing  early  life  stage  tests  with  bluegllls. 

A  dynamic  acute  test  conducted  with  rainbow  trout  turned  out  to  be  a 
fairly  long-term  test.  Concentration  data  are  reported  in  Table  15.  Mor¬ 
tality  was  over  20  percent  at  the  top  concentration  (3.00  mg/L)  after  4  days, 
at  the  next  concentration  (1.42  mg/L)  after  8  days,  at  0.76  mg/L  after  10 
days,  and  at  0.48  mg/L  after  20  days.  No  mortality  was  seen  at  the  lowest 
concentration  tested  (0.16  mg/L)  or  in  the  water  or  solvent  controls.  The 
test  was  terminated  after  30  days;  the  LC50  at  this  time  was  0.37  mg/L  (95 
percent  confidence  limits  approximately  0.16  to  0.76  mg/L  as  determined  by  the 
binomial  method).  Fish  lost  equilibrium  prior  to  dying.  The  30-day  LC50  was 
nearly  five  times  lower  than  the  96-hr  static  acute  LC50. 

In  view  of  the  pattern  of  continuing  mortality  with  rainbow  trout  and  DNB, 
a  68-day  (60  days  post-hatch)  ELS  test  was  conducted.  Concentration  data  are 
given  in  Table  16,  while  results  are  shown  in  Table  17.  Nearly  all  fish  at 
the  top  concentration  had  erratic  swimming  patterns  and  showed  a  loss  of 
equilibrium.  At  the  next  lower  concentration  (0.44  mg/L),  similar  behavior 
was  seen  In  two  or  three  fish.  The  survival  heterogeneity  seen  at  0.27  and 
0.08  mg/L  resulted  from  tank  overflows  in  one  replicate  tank  at  each  of  these 
concentrations;  overflows  also  occurred  at  the  top  concentration.  These 
overflows  resulted  from  clogging  of  the  tank  drains,  apparently  due  to  exces¬ 
sive  mucus  materials  secreted  by  the  fish.  Some  fish  were  lost  from  the  tanks 
during  these  overflows;  but,  since  it  was  not  possible  to  determine  exactly 
how  many  were  lost  or  from  what  tanks  the  fish  came,  any  fry  missing  at  the 
end  of  the  te3t  were  recorded  as  dead. 

The  results  of  the  test  are  probably  not  greatly  affected  by  the  tank 
overflows.  The  only  significant  differences  in  survival  were  found  at  the  top 
concentration,  and  these  were  apparent  long  before  the  tank  overflows,  which 
did  not  occur  at  the  top  concentration  until  days  66  and  67  of  the  68-day 
test.  The  only  other  toxicant  effects  observed  were  reductions  in  length  (13 
percent  below  controls)  and  weight  (25  percent  below  controls)  at  the  top 
concentration.  The  significant  increase  in  weight  found  at  0.27  mg/L  is 
anomolcus  and  cannot  be  readily  explained .  Based  on  the  survival  and  growth 
results  and  the  loss  of  equilibrium  of  fish  at  the  top  DNB  concentration,  the 
lowest  effect  and  highest  no-effect  concentrations  are  0.84  mg/L  and  0.-44 
mg/L,  respectively. 

Although  these  conclusions  regarding  the  DNB  ELS  test  are  most  probably 
valid,  the  uncertainty  created  by  the  overflow  of  tanks  during  the  test  was 
sufficient  to  cause  the  test  to  be  redone.  Test  concentrations  used  in  this 
second  test  are  given  in  Table  18,  while  results  are  given  in  Table  19.  This 
test  lasted  69  days  (60  days  post-hatch).  Erratic  swimming  by  fieh  at  the  top 
concentration  wna  first  noticed  on  day  34  of  the  test.  By  day  62,  all  fish  at 
the  top  concentration  were  affected  as  were  three  to  four  fish  at  0.50  rag/L. 
Statistically  significant  effects  seen  at  the  top  concentration  include  reduc¬ 
tions  in  fry  survival,  overall  survival,  length  (14  percent  lower  than  con¬ 
trols),  and  weight  (38  percent  below  controls).  The  effect  at  0.50  mg/L  on 
fry  survival  had  only  marginal  statistical  significance;  no  effect  on  overall 
survival  was  found. 
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TABLE  15.  MEASURED 

DNB  CONCENTRATIONS 

IN  A  RAINBOW 

TROUT  DYNAMIC  ACUTE 

TEST 

Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(mg/L) 

Standard 

Deviation 

Range 

n 

2.65 

3.00 

0.454 

2.52-4.26* 

12 

1.44 

1.42 

0.102 

1.2-1.57 

12 

0.79 

0.76 

0.067 

0.63-0.84 

12 

0.48 

0.42 

0.051 

0.37-0.55 

11 

0.16 

0.16 

0.036 

0.12-0.22 

9 

0  (DMF  control) 

BDLb 

— 

— 

12 

0  (water  control) 

BDLb 

— 

— 

12 

a.  The  4.26  mg/L  concentration  is  considered  to  be  an  outlier  value;  the 
corresponding  concentration  in  the  other  replicate  tank  was  3.11  mg/L. 

b.  BDL  -  Below  detection  Halt  (0*1  mg/L). 


TABLE  16. 

MEASURED  DNB  CONCENTRATIONS  IN  THE  FIRST 
EARLY  LIFE  STAGE  TEST 

RAINBOW  TROUT 

Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(mg/L) 

Standard 

Deviation 

Range 

n 

0.84 

0.84 

O.Q74 

0.64-1.00 

22 

0.45 

0.44 

0,035 

0.39-0.54 

22 

0.26 

0.27 

0.024 

0.21-0.32 

22 

0.15 

0.14 

0.032 

0.07-0.24 

22 

0.08 

0.08 

0.021 

0.02-0.11 

21 

0 

BDL* 

— 

— 

Ll 

a"I  BDL  -  Below  detection  limit  (0.02  mg/L). 
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TABLE  18.  MEASURED  DNB  CONCENTRATIONS  IN  THE  SECOND  RAINBOW  TROUT 

EARLY  LIFE  STAGE  TEST 


Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(«g/L) 

Standard 

Deviation 

Range 

n 

1.00 

0.97 

0.096 

0.71-1.05 

11 

0.57 

0.50 

0.035 

0.44-0.54 

11 

0.33 

0.32 

0.017 

0.29-0.35 

10 

0.17 

0.16 

0.019 

0.12-0.19 

11 

0.11 

0.10 

0.012 

0.08-0.13 

11 

0 

BDLa 

— 

— 

11 

a"I  BDL  -  Below  detection  limit  (0.04  ng/L) . 


Mucus  production  by  trout  was  excessive  in  the  top  two  concentrations  of 
DNB.  This  again  caused  tank  overflows  on  days  58  and  65  at  the  top  concen¬ 
tration  and  on  day  63  in  one  replicate  cf  the  next  lower  concentration. 
However,  discrepancies  between  fish  counts  during  the  test  and  the  number  of 
fish  measured  at  the  end  of  the  test  were  minimal.  Also,  survival  was 
drastically  affected  by  DNB  at  the  top  concentration  well  before  any  overflow 
occurred . 

The  results  of  both  rainbow  trout  ELS  tests  with  DNB  are  quite  consist¬ 
ent.  Using  the  results  of  the  second  test,  which  had  a  minimal  problem  with 
tank  overflow,  the  effect/no  effect  levels  for  DNB  are  0.97  and  0.50  mg/L, 
respectively.  It  is  quite  interesting  that  the  30-day  LC50  for  Juvenile 
rainbow  trout  is  actually  lower  (0.37  mg/L)  than  the  levels  of  DNB  found  to  be 
toxic  to  eggs  and  fry.  With  most  compounds,  the  older  fish  are  more  resistant 
to  toxicant  effects.*1  Although  it  is  possible  that  the  presence  of  DMF 
Increased  DNB  toxicity  in  the  dynamic  acute  test,  no  mortality  was  seen  In  the 
DMF  controls.  Since  60  percent  of  fish  exposed  to  0.42  mg/L  DNB  in  the  30-day 
test  were  killed,  while  no  fish  died  at  the  next  lower  concentration  (0.16 
mg/L),  the  lowest  no  effect/effect  range  for  rainbow  trout  exposed  to  DNB  is 
0.16  to  0.42  mg/L. 

The  alga  Selenastrum  capricornutum  was  about  as  sensitive  to  the  effects 
of  DNB  as  the  most  sensitive  of  the  fish  species  tested.  As  Table  20  shows, 
5-day  growth  of  the  algae  was  reduced  at  all  concentrations  above  0.26  mg/L. 
The  no  effect/effect  concentration  range  (0.26  to  0.97  mg/L)  includes  the 
thresholds  for  inhibition  of  cell  multiplication  by  DNB  reported  for  two  other 
algal  species  in  Table  1. 


30 


f  * 


Os 

H 

H 

►J 

a 


4J 

^  43 

^0 

£ 

\n 

\n 

o 

>»  00^s 

n£> 

© 

CM 

CM 

CM 

H 

>  H  00 

• 

• 

• 

• 

• 

• 

fi  4  w 

s 

o 

*■* 

£ 

44  4-s 

T) 

£  S| 

OH 

• 

CO 

• 

• 

CM 

• 

Os 

• 

vO 

9 

&M  4) 

m 

•H 

CO 

CO 

CM 

H 

M 

CO 

** 

10 

« 

*-» 

4J 

*H 

h  P  ^ 

o 

Os 

O 

o 

>  C  N 

• 

• 

9 

U*  O  w 

co 

M 

© 

44 

£ 

rH  Q) 

*H  > 

O 

Cd  *H 

rv 

00 

o 

CO 

CO 

V*  >  M 

• 

• 

• 

• 

• 

• 

4)  M  w 

vO 

o 

in 

CO 

vO 

00 

&  w 

CM 

00 

OO 

OS 

00 

00 

iH 

U 

T3 

> 

» 

•* 

^  T<  4N 

pO 

JO 

^  P>  M 

vO 

SO 

o 

CM 

h  w  ^ 

• 

• 

• 

9 

9 

• 

a 

r*4 

CO 

** 

sO 

CM 

CM 

CA 

CM 

00 

Os 

Os 

Os 

Ov 

O  0.4 

U  Dn 

1  CD 

in 

m 

4  B  ►% 

9 

9 

a  tj  to 

sO 

vO  . 

in 

sO 

i n 

in 

t4  »  T3 
HiOw 

H 

H 

H 

o  a 

44  X!  ,-v 

sn 

in 

O  09 

9 

• 

4  44  tK 

in 

in 

in 

** 

B  <g  4 

CM 

CM 

CM 

CM 

CM 

CM 

9. 

*H  « 

co 

in 

o 

o 

CO 

JC  0) 

• 

9 

9 

• 

• 

• 

o  o 

00 

n* 

© 

sO 

\n 

00 

4J  O  w 

al  4 

Os 

Os 

Os 

Os 

Os 

00 

S  (A 

■o  c 

V  o 

R4  <H 

H 

3  U  a 

**  o 

4  4  hJ 

r** 

O 

CM 

vO 

o 

o  u 

R  Ui  V. 

as 

n 

co 

H 

•  u 

J  y  oo 

9 

9 

• 

• 

• 

O  0 

*  j3  B 

o 

© 

O 

o 

© 

V  o 

o 

e  o 

Vm/ 

a  c 

13 

31 


v  <u 
►  > 
V  0) 


— t  ir> 

o  o 
•  • 
o  o 

vr  v 

(X  o. 

MM 


*  4 

09  09 
H  fH 

o  c 
u  u 
u  u 

•  a  e 
•coo 
«  o  o 

44 

out) 
«i  £  j= 
u  u  u 
« 

*18 

►>  m  u 


V  u 
C  <3 
«  t) 

00  u 
o  4 


4  44  44 
4  44  ^4  »*4 

il  H  H 
R  tJ  U 

3c  e 
«  « 

o  o 

O  ft  Tt 


^  c  c 

C  00  00 
,4  i4  .*4 
H  W  W 


«  J  O  TS 


Jjfev.-wfer 


-aagdareaa 


TABLE  20.  EFFECTS  OF  DNB  ON  THE  GROWTH  OF 
SELENASTRUM  CAPRI CORWUTOM* 


Initial 

Measured 

Concentration 

(ag/L) 

Growth  (cells/aL)^ 

Day  5 

Day  14 

85.63c 

29, 529 ^ 

24,969d 

14.33c 

38,498° 

2,672,764d 

10.72c 

36,711° 

2,758,560° 

1.58 

76,418° 

376,044d 

0.97 

207 ,938° 

3,840,755 

0.26 

3,092,720 

5,582,044 

Control 

3,446,286 

6,316,560 

a.  Data  from  Bailey.3*5 

b.  Mean  of  three  replicates  (four  for 


controls) . 

c.  Cells  washed  and  resuspended  in  clean  media 
on  Day  5. 

d.  Significantly  different  from  the  controls 
at  the  p  <  0.05  level. 


Selenastrum  capricomutum  exposed  to  10.7,  14.3,  and  85.6  mg/L  DNB  were 
resuspended  in  clean  media  after  5  days,  and  all  but  those  algae  previously 
exposed  to  85.6  mg/L  showed  renewed  growth.  The  85.6  ag/L  exposure  level  is 
therefore  considered  to  be  alglcldal,  while  concentrations  between  0.97  and 
14.3  mg/L  appear  to  be  alglstatlc. 

1 , 3 , 5-TRINITR0BEN  ZENE 

Overall,  TNB  was  the  most  toxic  of  the  three  compounds  tested.  The  static 
acute  tests  (Table  21)  resulted  in  LC50s  for  fish  that  were  all  less  than 
1  mg/L.  The  daphnids  were  somewhat  less  sensitive,  and  algal-fed  daphnids 
were  still  less,  with  48-hour  EC50s  in  the  range  of  4  to  6  ag/L.22  The 
literature  LC50  for  _D.  aagna  was  intermediate  to  these,  while  the  literature 
LC50  for  fathead  alnnows  was  twice  the  one  in  Tabl--'  8  (see  Table  1). 

Due  to  the  closeness  of  the  fish  LC50s  and  the  considerable  overlap  in  the 
confidence  intervals,  testing  was  continued  with  the  two  fish  species  for 
which  ELS  testing  methods  were  best  developed:  fathead  alnnows  and  rainbow 
trout.  Dynaaic  acute  tests  were  conducted  prior  to  the  early  life  stage  tests 
with  each  species.  With  fathead  minnows,  a  10-day  LC50  of  0.46  ag/L  was 
obtained  (95  percent  confidence  limits  0.42  to  0.53).  Concentration  data  are 
reported  In  Table  22,  Mortality  was  still  continuing  after  10  days,  but  a 
dlluter  malfunction  forced  termination  of  the  test  at  that  time.  Low  dis¬ 
solved  oxygen  concentrations  (as  low  as  3.2  ag/L)  were  noted  on  day  9,  due  to 
a  temporary  shutdown  of  the  dlluter.  This  problea  was  quickly  corrected  and 
did  not  appear  to  adversely  sffect  the  fish. 


TAILS  21.  STATIC  ACUTE  TEST  RESULTS  WITH  THE* 


Species 

End  Folnt 

LC/EC50,  mg/Lb 
(95%  Confidence  Limits) 

Comments 

Water  Flea 

48  hr  BC50 

2.98  (2.63-3.38) 

Blueglll 

96  hr  LC50 

0.85  (0.52-1.38) 

c,d 

Rainbow  Trout 

96  hr  LCSO 

0.52  (0.37-0.80) 

c,e 

Fathead  Minnow 

96  hr  LC50 

0.49  (0.44-0.56) 

d 

Channel  Catfish 

96  hr  LC50 

0.38  (0.34-0.43) 

d 

a.  Species  arranged  in  order  of  increasing  sensitivity. 

b.  Based  on  mean  measured  concentration. 

c.  Binomial  aethod  used  to  compute  LCSO;  confidence  limits  shown  are  greater 
than  95%. 

d.  Aeration  used. 

e.  Initial  toxicant  sample  set  lost;  LCSO  based  on  average  of  nominal  initial 
concentration  and  96  hour  measured  concentration. 


TABLE  22.  MEASURED 

TNB  CONCENTRATIONS 

IN  A  FATHEAD  MINNOW  DYNAMIC  ACUTE 

TEST 

Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(mg/L) 

Standard 

Deviation 

Range 

n 

1.42 

1.21 

0.244 

0.99-1.47 

5 

0.78 

0.45 

0.026 

0.42-0.48 

4 

0.43 

0.32 

0.024 

0.28-0.35 

5 

0.26 

0.20 

0.006 

0.18-0.21 

5 

0.14 

0.12 

0.070 

BDL*-0.19b 

5 

0 

BDL* 

— - 

— — 

4 

a.  BDL  -  Below  detection  limit  (0.05  mg/L). 

b.  One  set  of  measurements  was  quite  different  between  the  two  replicate 


tanks  (BDL  and  0.19  mg/L). 
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The  rainbow  trout  dynamic  acuta  taat  waa  stopped  aftar  18  days,  ainca  mor¬ 
tality  ovar  the  laat  4  days  of  the  teat  waa  low  (two  additional  deatha  out  of 
20  exposed  fiah  at  one  concentration  only,  0.3?  mg/L).  The  18-day  LC50  waa 
0.43  mg/L  (0.24  to  0.73  -  95  percent  confidence  limita  by  the  binomial 
method).  The  10-day  LC50  (0.52  mg/L,  binomial  confidence  limita  0.37  to  0.73) 
waa  quite  clone  to  the  fathead  minnow  4  day  LCS0  (Table  21).  Concentration 
meaaurement  data  for  thia  teat  are  reported  in  Tbble  23. 


TABLE  23.  MEASURED  TNB  CONCENTRATIONS  IN  A  RAINBOW  TROUT  DYNAMIC  ACUTE  TEST 


Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(mg/L) 

Standard 

Deviation 

Range 

n 

1.44 

1.42 

0.085 

1.32-1.54 

6 

0.78 

0.73 

0.056 

0.69-0.84 

6 

0.41 

0.37 

0.038 

0.30-0.41 

6 

0.25 

0.23 

0.028 

0.18-0.26 

6 

0.11 

0.06® 

— 

— 

2 

0  (solvent  control) 

BDLb 

— 

— 

6 

0  (water  control) 

BDL 

— 

— 

6 

aT  Detection  limit  was  0.10  mg/L;  this  value  was  estimated  based  on  one 
sample  set  that  could  be  quantified, 
b.  BDL  -  Below  detection  limit  (0.10  mg/L). 


Early  life  stage  tests  were  conducted  for  both  fathead  minnows  and  rainbow 
trout.  The  exposure  concentrations  for  the  fathead  minnow  test  are  shown  in 
Table  24,  while  the  test  results  are  given  in  Table  25.  Significant  reduc¬ 
tions  in  both  fry  and  overall  survival  were  noted  at  all  but  the  lowest  con¬ 
centration  tested.  The  reduction  in  length  at  0.08  mg/L  is  thought  to  be  an 
artifact  since  no  corresponding  weight  reductions  were  found  and  no  signifi¬ 
cant  length  effects  occurred  at  higher  concentrations.  The  increased  weights 
at  higher  concentration  levels  may  be  related  to  the  lower  density  of  fish  due 
to  TNB-related  mortality.  One  behavioral  effect  was  noted:  fry  at  all  con¬ 
centrations  appeared  to  be  less  active  than  the  controls. 


TABLE  24.  MEASURED  TNB  CONCENTRATIONS  IN  A  FATHEAD  MINNOW 

EARLY  LIFE  STAGE  TEST 


Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(ag/L) 

Standard 

Deviation 

Range 

n 

0.83 

0.72 

0.084 

0.61-0.89 

11 

0.46 

0.32 

0.028 

0.28-0.37 

11 

0.25 

0.18 

0.013 

0.16-0.20 

11 

0.15 

0.12 

0.017 

0.09-0.15 

11 

0.11 

0.08 

0.017 

0.06-0.11 

11 

0 

BDLa 

— 

— 

10 

*TI  BDL  -Below  detection  limit  (0.05  mg/L). 


Rainbow  trout  appeared  to  have  approximately  the  same  sensitivity  as 
fathead  minnows  to  TNB  in  an  ELS  test.  The  initial  rainbow  trout  ELS  test  had 
to  be  repeated  because  significant  effects  were  observed  at  the  lowest  concen¬ 
trations  tested.  The  concentrations  tested  and  the  test  results  for  the  first 
test  are  recorded  in  Tables  26  and  27,  respectively.  The  test  lasted  68  days 
(60  days  post-hatch).  Three  fish  were  accidently  lost  during  the  test  (one  at 
0.22  mg/L  and  two  from  either  the  control  or  0.09  mg/L).  These  fish  were 
counted  as  dead  at  the  end  of  the  test  for  data  analysis  purposes.  Signifi¬ 
cant  effects  at  the  lowest  concentration  tested  Included  an  average  26  percent 
reduction  in  weight  and  an  average  II  percent  reduction  In  length  from  the 
controls. 

The  second  early  life  stage  test  with  rainbow  trout  and  TNB  lasted  71  days 
(61  days  post-hatch).  TNB  concentrations  tested  ranged  from  0.015  to  0.17 
mg/L  (Table  28).  There  was  considerable  overlap  between  the  bottom  two  con¬ 
centrations,  but,  since  no  significant  effects  were  noted  except  at  the  top 
concentration  (Table  29),  this  does  not  affect  the  interpretation  of  the  test 
results.  Behavioral  effects  were  noted  at  both  0.17  and  0.082  mg/L.  Fish  at 
these  concentrations  were  lighter  in  color  than  the  controls,  exhibited 
erratic  swimming  patterns,  and,  at  0.17  ag/L  alone,  had  copious  mucus 
production. 

A  comparison  between  the  results  of  the  two  ELS  tests  with  rainbow  trout 
and  TNB  (Table  30)  shows  a  fairly  high  degree  of  consistency.  Corresponding 
concentrations  resulted  in  approximately  the  same  degree  of  effect,  except 
that  trout  in  the  first  test  a,ay  have  been  slightly  more  sensitive  in  terms  of 
length  and  weight  effects  at  the  lowest  concentration  (0.09  mg/L).  Based  on 
these  data,  the  no  effect/effect  concentration  range  is  0.082  to  0.17  mg/L. 
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TABLE  26.  MEASURED  CONCENTRATIONS  IN  THE  FIRST  RAINBOW  TROUT 
EARLY  LIFE  STAGE  TEST  WITH  ThB 


Nominal 

Concentration 

(ng/L) 

Mean  Measured 
Concentration 
(»g/L) 

Standard 

Deviation 

Range 

n 

0.75 

0.71 

0.066 

0.60-0.82 

13 

0.41 

0.36 

0.051 

0.27-0.44 

18 

0.23 

0.22 

0.053 

0.15-0.35 

20 

0.14 

0.13 

0.037 

0.07-0.21 

20 

0.09 

0.09 

0.019 

0.06-0.12 

17 

0 

BDLa 

— 

20 

T~.  BDL  -  Below  detection  limit  (0.05  mg/D» 


Although  daphnlds  were  the  least  acutely  sensitive  to  TNB  of  the  organisms 
tested,  chronic  toxicity  data  were  generated  In  support  of  another  project  and 
are  reported  here.22  The  concentration  data  reported  In  Table  31  do  not 
Include  reduced  concentrations  caused  by  toxicant  dlluter  malfunctions  on  two 
separate  days  during  the  21-day  test.  On  days  0  and  1,  a  valve  malfunction 
resulted  In  lowered  toxicant  concentrations  at  the  top  treatment  level  only. 

On  day  4,  only  half  the  appropriate  amount  of  toxicant  was  delivered  to  the 
test  tanks  over  a  12-hour  period. 

Significant  effects  on  daphnlds  mere  found  at  the  top  three  concentrations 
(Table  32).  In  addition,  some  undeveloped  eggs  were  shed  from  daphnlds  at 
these  exposure  levels.  Daphnlds  at  the  2.68  mg/L  level  showed  a  marked  spin¬ 
ning  motion  when  swimming.  The  no  ef fect/ef feet  range  is  0.47  to  0.75  mg/L. 

Early  In  the  test,  some  daphnlds  at  all  concentration  levels  becasM>  caught 
In  the  surface  film.  There  seems  to  be  some  concentration-dependency  to  this 
floating,  although  there  is  less  at  1.32  mg/L  than  might  be  expected.  Float¬ 
ing  In  the  controls  ms  due  mostly  to  one  of  the  four  replicate  tanks,  which 
had  29  of  the  38  floater  days.  Using  the  General  Linear  Models  procedure  on 
the  Statistical  Analysis  System,15  partial  correlation  coefficients  were 
determined  between  the  number  of  floater  days  and  the  other  variables  reported 
In  Table  32.  The  only  significant  correlation  was  with  daphnld  length. 
Overall,  the  effect  of  floating  on  the  outcome  of  the  experiment  If  thought  to 
be  minimal.  In  any  case,  daphnlds  were  substantially  less  sensitive  to  TNB 
chronic  effects  after  a  21-day  exposure  than  were  the  fathead  minnows  and 
rainbow  trout  exposed  In  ELS  tests. 
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TABLE  27.  RESULTS  OF  THE  FIRST  EARLY  LIFE  STAGE  TEST  WITH  TNB  AND  RAINBOW  TROUT 
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TABLE  28.  MEASURED  TNB  CONCENTRATIONS  DURING  THE  SECOND  RAINBOW  TROUT 

EARLY  LIFE  STAGE  TEST 


Nominal 

Concentration 

(mg/L) 

Mean  Measured 
Concentration 
(s*g/L) 

Standard 

Deviation 

Range 

n 

0.200 

0.174 

0.011 

0.154-0.190 

10 

0.113 

0.082 

0.011 

0.065-0.099 

10 

0.065 

0.045 

0.007 

0.037-0.054 

9 

0.035 

0.022 

0.006 

0.012-0.030 

10 

0.020 

0.015 

0.005 

0.010-0.023 

10 

0 

BDLa 

— — 

BDL-0.015 

12 

a.  BDL  -  below  detection  limit  (0.01  mg/L). 


As  with  DiNA  and  DNB,  algae  appear  to  be  highly  sensitive  to  the  effects 
of  TNB  relative  to  the  other  organisms  tested.  TNB  was  also  the  most  toxic  of 
the  three  compounds  to  S,  capricornutum .  Growth  was  significantly  reduced  at 
all  concentrations  tested  on  both  days  5  and  14  of  the  test  (see  Table  33) . 
Concentrations  from  1.18  to  17.3  mg/L  TNB  were  alglcidal,  while  the  lower 
concentrations  (0.10  and  0.17  mg/L)  were  algistatic,  in  that  renewed  growth 
occurred  after  exposed  cells  were  transferred  into  fresh  algal  assay  medium. 
The  0.96  mg/L  treatment  level  was  intermediate  in  response;  growth  in  clean 
medium  was  present,  but  was  not  at  a  very  high  level.  Additional  testing  will 
be  required  in  order  to  define  a  no  effect  concentration  for  TNB  to  this  algal 
species. 
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TABLE  30.  COMBINED  RESULTS  FROM  TWO  RAINBOW  TROUT  EARLY  LIFE  STAGE  TESTS 
WITH  TNB  FOR  END  POINTS  ANALYZED  STATISTICALLY 


Concentration  Range,  Highest  No 
Significant  Effect  Level  (Percent 

-Effect  Level  -  Lowest 
Difference  From  Controls) 

E:  d  Point 

Test  1 

Test  2 

Hatching  Success 

0.36-0.71  mg/L 
< -2%  to  -101) 

>0.17  mg/L 

Fry  Survival 

0.09-0.13 

0.082-0.17 

(-2%  to  -36%) 

(-11%  to  -40%) 

Overall  Survival 

0.09-0.13 

0.082-0.17 

(-3%  to  -35%) 

(-10%  to  -401!) 

Fry  Length 

<0.09 

0.082-0.17 

(-11%) 

(OX  to  -23%) 

Fry  Weight 

<0.09 

0.082-0.17 

(-26%) 

(-6%  to  -53%) 

TABLE  31. 

MEASURED  TNB  CONCENTRATIONS  DURING 

A  DAPHNID  CHRONIC  TEST 

Nominal 

Mean  Measured 

Concentration 

Concentration 

Standard 

(mg/L) 

(mg/L) 

Deviation 

Range 

n 

2.97 

2.68 

0.260 

2.41-3.09 

8 

1.68 

1.32 

0.153 

1.05-1.59 

8 

0.96 

0.75 

0.138 

0.53-0.89 

8 

0.54 

0.47 

0.114 

0.34-0.69 

8 

0.29 

0.24 

0.076 

0.17-0.42 

8 

0 

BDL® 

7 

aT  BDL  -  Below  detection  limit  (0.025  mg/Lj 


TABLE  32.  RESULTS  OF  A  CHRONIC  TOXICITY  TEST  WITH  DAPHNIA  MAGNA 


AND  TNG 


Mean  Measured 
Concentration 
(mg/L) 

Survival 

(X) 

Young  per  Female 
per  Reproductive 

D»y 

Mean  Total 
Young 

Per  Tank 

Total 

Length 

(mm) 

Floater 

Days* 

2.68 

70 

1.43b 

127b 

?.58b 

183 

1.32 

90 

3.52b 

412b 

4.23b 

37 

0.75 

97.5 

5.53 

723b 

4.27b 

108 

0.47 

97.5 

5.63 

742 

4.62 

33 

0.24 

100. 

5.00 

742 

4.69 

28 

<0.025 

(control) 

97.5 

6.19 

842 

4.88 

38 

a.  Floater  days  -  The  sw  of  the  number  of  FO  daphnlds  observed  caught:  in 

the  surface  film  each  day  at  each  treatment  level  over  the  duration  of  the 
test.  Not  analyzed  statistically. 


b.  Significantly  different  from  the  controls  at  the  p  *:  0.05  level. 


TABLE  33.  EFFECTS  OF  TNB  ON  THE  GROWTH 
OF  SELENASTRUM  CAPRICORNUTTJM* 


Initial 

Measured 

Concentration 

(sg/L) 

Growth 

(cells/mL)b 

Day 

^  14 

17.32c 

25,796d 

15,609d 

9.1lc 

23,973d 

9 , 156d 

1.18c 

21 ,627d 

7,964** 

0.89° 

40,542d 

169 ,279d 

0.17* 

79,546d 

t,110,862d 

0.10 

J98 ,587** 

2,556,800** 

Control 

2,600,067 

3,784,427 

T.  Data  from  Bailey.* 

b.  Mean  of  threr  replicates  (four  for  controls). 

c.  Calls  washed  and  resuspended  in  clean  media  on 
Day  5. 

<3.  Significantly  different  from  the  controls  at  the 
p  <  0.05  level. 

a.  Nominal  concentration;  actual  initial  measured  con- 
cantratloj  was  0.10  mg/L. 
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CONCLUSIONS  AND  RECOMMENDATIONS 


The  results  of  the  toxicity  tests  conducted  with  DiNA,  DNB,  and  TNB  are 
summarized  in  Tables  34  through  36.  Overall,  TNB  was  the  most  toxic  of  the 
three  compounds,  with  all  tests  but  the  daphnid  static  acute  test  having 
effect  levels  below  1  mg/L.  Both  DINA  and  DNB  showed  wide  ranges  of  acute 
toxicity  (about  one  order  of  magnitude)  for  the  species  tested. 

The  lowest  no  ef fect/ef feet  ranges  for  the  species  tested  are  as  follows 
by  compound:  DiNA  —  0.03  to  0.13  mg/L;  DNB  -  0.16  to  0.42  mg/L;  and  TNB  - 
0.08  to  0.12  mg/L.  It  is  Important  to  note  that  a  lower  threshold  for 
toxicity  was  not  established  for  JS.  capricornutum  and  TNB,  but  is  less  than 
0.10  mg/L.  Assuming  that  species  of  aquatic  organisms  in  field  situations  are 
about  as  sensitive  to  these  compounds  as  the  laboratory  test  organisms  used  in 
this  study,  these  ranges  give  a  rough  idea  of  the  concentrations  of  DINA,  DNB, 
and  TNB  which,  if  exceeded,  may  result  in  damage  to  aquatic  communities. 
Calculation  of  formal  water  quality  criteria,  as  defined  by  the  US  Environ¬ 
mental  Protection  Agency cannot  be  done  without  additional  toxicity 
testing. 

Further  research  should  be  undertaken  to  define  the  toxicity  of  TNB  to 
S.  capricornutum .  In  view  of  the  sensitivity  of  this  and  other  algal  species 
to  the  nitroaromatic  compounds  evaluated  in  this  study,  it  is  Important  that 
algal  species  be  Included  in  future  hazard  evaluations  with  this  type  of 
material.  Since  many  of  these  compounds  are  subject  to  photolytic  decomposi¬ 
tion,  it  would  be  useful  to  utilize  or  develop  a  chemostat-type  device  to 
allow  algal  toxicity  tests  to  be  performed  with  renewal  of  toxicant  solutions 
with  those  compounds  where  photolysis  may  be  a  problem. 

Both  TNB  and  DiNA  are  formed  during  the  photolysis  of  TNT.1  Although 
studies  have  shown  that  TNT  photolysis  reduces  its  toxicity  to  aquatic  organ¬ 
isms,**  the  formation  of  TNB  and  DiNA,  which  have  been  found  in  this  study  to 
cause  detrimental  effects  at  concentrations  of  0.1  mg/L  or  below,  could  create 
a  potentially  hazardous  situation.  It  would  be  advisable  to  evaluate  the 
rates  of  TNB  and  DiNA  formation  in  areas  where  TNT  discharges  occur. 
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TABLE  34.  TOXICITY  OF  DINA  TO  AQUATIC  ORGANISMS 
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